Introduction {#sec1_1}
============

The burden on medical and social services is increasing as the world\'s population grows older. Alzheimer disease (AD) is the most prevalent form of dementia and the most common progressive disease of an aging population \[[@B1]\].

In 1898, Ganser reported some psychiatric cases that masqueraded as dementia, and thereafter the terms DPD and Ganser\'s syndrome started to be used interchangeably. Later, this syndrome was referred to as "depressive pseudodementia" owing to its association with depression. It has been highlighted that the intellectual loss in these patients might be associated with an unnoticed depression, and that it might be treatable \[[@B2]\]. Attention deficit and memory impairment are common in patients with pseudodementia, but cognitive deficit is more prominent in AD than pseudodementia. In some cases, it is difficult to differentiate DPD from other types of dementia until full recovery from depression is achieved \[[@B3]\].

Although the results of cerebrospinal fluid biomarkers, magnetic resonance imaging (MRI) and positron emission tomography studies can provide valuable clues about illness, clinical findings still provide best diagnostic clues for AD \[[@B4], [@B5]\].

Patients with AD have a significantly smaller hippocampus (10--50% reduction) than age-matched healthy controls \[[@B6]\]. A study of Dolek et al. \[[@B7]\] suggested a relationship between reduced hippocampal volume and cognitive impairment. A comparative study between AD and late life depression showed that AD is correlated with atrophy of the left anterior hippocampus and bilateral posterior cingulate cortex \[[@B8]\].

The present study investigated the relation between the neurocognitive test scores, which are used to differentiate AD from DPD, and hippocampal volume.

Materials and Methods {#sec1_2}
=====================

Patient Selection {#sec2_1}
-----------------

Literate subjects, who were aged over 60 and presented to our neurology outpatient clinic for amnesia, were randomly enrolled in the study. Among these subjects, patients diagnosed with AD and DPD according to the DSM-IV criteria were selected, and then those with available MR images in the Picture Archiving and Communication System of the Department of Radiology were included in the study. The Global Deterioration Scale was administered to the patients diagnosed with AD, and accordingly, those with mild-to-moderate AD (stage 4--5) were included in the study. The patients were required to have had no prior treatment for AD or DPD in the past 6 months. Patients with a history of systemic diseases that may affect cognitive functions (uncontrolled endocrine diseases, etc.), stroke, epilepsy, neuroleptic drug use, and psychiatric diseases were excluded. The study was approved by the local ethics committee (acceptance No: B104ISM4340029/1009/53).

Neurocognitive Tests {#sec2_2}
--------------------

A detailed medical history was obtained from patients and their relatives prior to the neurocognitive evaluation. Among the parameters of the Wechsler Memory Scale (WMS), we used WMS-I (personal and actual information), WMS-II (orientation), WMS-V (digit spans, backward and forward), and WMS-VI (visual memory test). The Turkish validation of the WMS was established by Karakas et al. \[[@B9]\]. Furthermore, the scores of the clock-drawing test, Stroop test, Benton Facial Recognition Test (BFRT) and Mini-Mental State Examination (MMSE) calculated for all patients were compared with the scores of the Geriatric Depression Scale (GDS). The Stroop test (color-word naming test) evaluates the executive processes to inhibit prepotent responses and has been validated by Karakas et al. \[[@B10]\]. The BFRT is focused on the topic of visuospatial perception based on prosopagnosia. The Turkish validation has been established by Keskinkilic \[[@B11]\].

The Boston Naming Test measures confrontational word retrieval in patients with neurodegenerative disorders. A short unregistered version of this test developed by the Neuropsychology Laboratory of Istanbul University was used. Participants were asked to name 31 items shown in the pictures. A revised version of the MMSE validated by Keskinoglu et al. \[[@B12]\] was applied to all subjects. GDS is a 30-item self-report assessment used to identify depression in elderly populations. The following cutoff levels are used to identify severity: normal 0--9, mild depression 10--19, and severe depression 20--30. The Turkish validation has been done by Ertan and Eker \[[@B13]\].

MRI and Volumetry {#sec2_3}
-----------------

MRI sequences of the patients were obtained from the Picture Archiving and Communication System of the Department of Radiology. All examinations were carried out with a 1.5-T MRI Scanner (Intera, Philips Medical Systems, the Netherlands). Coronal, axial and sagittal sequences of T1- and T2-weighted MR images were obtained for each subject in the groups.

Hippocampal volume measurements were performed by importing the coronal T1-weighted MR images to the Vitrea 2 workstation (Vital Images, USA).

Boundaries of the hippocampus were defined using multiple sources and measured manually according to the method described by Soininen et al. \[[@B14]\]. The identifying method of hippocampal boundaries is illustrated and described, as a sample, in the legend to the selected images of a case of DPD as shown in Figure [1](#F1){ref-type="fig"}. The hippocampal volume was calculated automatically by a software program, and the results were presented in cubic millimeters. All hippocampal volumes were rated blindly to clinical diagnosis by consensus between two experienced raters (T.O.Ö. and R.Ç.).

Statistical Analysis {#sec2_4}
--------------------

The Statistical Package for Social Sciences (SPSS for Windows, version 15.0) software was used for the statistical analyses. We used the Mann-Whitney U test to compare the right and left hippocampal volumes of the AD and DPD patients taking into account age, gender, education level and results of the neurocognitive tests. The comparison of the right and left hippocampal volumes with the results of the neurocognitive tests for the AD and DPD groups was performed using the Pearson correlation analysis. A *p* value less than 0.05 was considered significant.

Results {#sec1_3}
=======

The present study included 20 patients with AD (13 female, 7 male) and 15 patients with DPD (10 female, 5 male). The age of the subjects in the AD group ranged from 60 to 87 years (mean: 73.9 ± 7.9 years), whereas the age of the subjects in the DPD group ranged from 62 to 86 years (mean: 70.5 ± 8.2 years). The duration of education was between 2 and 15 years (mean: 5.6 ± 3.6 years) in the AD group versus between 1 and 15 years (mean: 9.4 ± 5.3 years) in the DPD group. No statistically significant difference was found between the groups for the duration of education, gender, and age. There were statistically significant differences between the AD and DPD groups in the scores of the MMSE and WMS, clock-drawing test, Stroop test, Boston Naming Test, BFRT, GDS and the left hippocampal volume. Mild depression was found in 4 cases of AD. A descriptive analysis for each subject in the AD and DPD groups is shown in Table [1](#T1){ref-type="table"}.

When bilateral hippocampal volumes were compared with results of the neurocognitive tests, education level, and age in the AD cases, a positive significant correlation was found between BFRT, MMSE, and left hippocampal volume (Table [2](#T2){ref-type="table"}). The linear regression test showed a significant impact of left hippocampal volume on the BFRT in the AD group (Table [3](#T3){ref-type="table"}).

No statistically significant correlation was found between right and left hippocampal volumes and other parameters in DPD patients (Table [4](#T4){ref-type="table"}).

Discussion {#sec1_4}
==========

It is usually difficult to differentiate AD from DPD. Neurocognitive tests are quite helpful in the differential diagnosis between DPD and neurodegenerative dementia. Nevertheless, they often do not provide definite results \[[@B15]\].

In the present study, AD and DPD groups were compared on the basis of neurocognitive tests and radiological findings. All test results were significantly impaired in the AD patients compared to the DPD patients. When results of neurocognitive tests were compared on the basis of hippocampal volumes, a significant correlation was found between the left hippocampal volume and the MMSE and BFRT scores in the AD group. If patients with similar MMSE scores had been enrolled to study in order to compare the hippocampal volume, the results of our study might have been more valuable.

Watson et al. \[[@B16]\] conducted a study in healthy volunteers and measured amygdala and hippocampal volumes using high-resolution MR images. They found that the right hippocampal volume was 5.2 ± 0.65 cm^3^ whereas the left hippocampal volume was 4.9 ± 0.68 cm^3^. Hsu et al. \[[@B17]\] measured hippocampal volume in healthy older persons and in patients with dementia, both manually and automatically, and compared these two techniques. They found no significant difference between the manual and automatic measurements. In patients with AD, the right hippocampal volume was 1.82 ± 0.59 cm^3^ while the left hippocampal volume was 1.79 ± 0.54 cm^3^. Chupin et al. \[[@B18]\] found that the mean volumes of the left and right hippocampus were 2.49 cm^3^ in healthy older persons and 1.69 cm^3^ in AD patients. In the present study, the measurements were done manually, and the mean volume was 1.82 cm^3^ for the right hippocampus and 1.58 cm^3^ for the left hippocampus of the AD patients. O\'Brien \[[@B19]\] reported that temporal lobe imaging has 85--95% specificity and sensitivity in differentiating AD. Bottino et al. \[[@B20]\] demonstrated that the volumes of the left amygdala, hippocampus and parahippocampal gyrus show differences between those with mild cognitive impairment (MCI) and normal subjects. Eckerström et al. \[[@B21]\] found that the left hippocampal volume, in particular, has prognostic value in progression to AD in patients with MCI. In the present study, a comparison of the hippocampal volumes between the AD and DPD groups revealed that the left hippocampal volume was significantly reduced in the AD group compared to the DPD group.

The relationship between AD and depression is complicated. Depression may involve an increased risk for later developing AD, especially at an advanced age \[[@B22], [@B23]\]. One possible link may be the long-term occurrence of inflammatory processes that may underlie depression and AD. This possibility is intriguing in light of evidence that antidepressants can modify levels of inflammatory cytokines. Also, depression treatment will affect cognitive outcome of AD \[[@B24]\].

In our study, the mean score on the GDS in the AD group was found to be within normal limits, whereas mild depression was found in the DPD group. Follow-up studies of the DPD group may provide more knowledge about the relation between these two disorders. Suzuki et al. \[[@B25]\] found that the left hippocampal volume was negatively correlated with corticolimbic activation when identifying emotional faces in both children with a history of preschool onset of major depressive disorder and healthy children during functional MRI study. In the present study, reduced left hippocampal volume in AD patients, in whom corticolimbic connections are known to be impaired, was consistent with the result of the above-mentioned study.

In AD, cognitive disorders develop in three main stages. Episodic memory impairment is prominent in the first stage. In the next stage, impairment in mental functions has an impact on daily life. In this stage, which is defined as the early clinical stage, visuospatial perception, verbal fluency and naming are significantly influenced in addition to episodic memory. Impairment in semantic memory, which is the basis of knowledge and language, becomes more prominent in this stage. Impairment in knowledge recall and knowledge access begins to appear \[[@B26], [@B27]\]. We evaluated semantic memory using neurocognitive tests including the Boston Naming Test and MMSE. These tests revealed that semantic memory was influenced remarkably in the AD group compared to the DPD group.

Colliot et al. \[[@B28]\] investigated the specificity and sensitivity of hippocampal volume measurement in the AD, MCI, and control groups. In differentiating AD from controls, both the sensitivity and specificity of hippocampal volume measurements were 84%. In differentiating MCI from controls, the sensitivity and specificity were 75 and 70%, respectively. In the present study, we did not investigate specificity and sensitivity. However, it was assumed that a decrease in the left hippocampal volume might be specific to AD. Smith et al. \[[@B29]\] compared the results of temporal lobe volume and neurocognitive test scores between 20 patients with moderate-to-severe AD and 20 controls. They found a significant correlation between neurocognitive test scores and severity of temporal lobe atrophy. The present study included patients with mild-to-moderate AD. Since the groups were similar in stage of disease, the relationship between disease severity and hippocampal volume could not be assessed.

Volumetric studies in the depression group versus controls demonstrated the presence of notable atrophy in the temporal lobe \[[@B30]\]. Cole et al. \[[@B31]\] measured hippocampal volume in 191 depressive patients and in 282 healthy controls. They found a significant difference in both right and left hippocampal volumes between the depressive cases versus the controls. Based on this finding, they indicated that a decrease in the hippocampal volume may be important in the diagnosis of depression. In the present study, a significant difference was found between the hippocampal volumes of the AD and DPD groups. However, the absence of a control group does not allow us to comment on hippocampal atrophy patterns in DPD patients.

Mounton et al. \[[@B32]\] in 1998 and Baxter et al. \[[@B33]\] in 2006 suggested the presence of a strong correlation between a decrease in MMSE scores and cortical volume loss in AD patients. A significant correlation was found between left hippocampal volume and MMSE scores in the AD group. It has been reported that hippocampal volume is also influenced by the duration and frequency of depression.

Some studies report right-sided hippocampal atrophy while some others report left-sided hippocampal atrophy, whereas some other studies report no statistically significant hippocampal atrophy in depression \[[@B33], [@B34], [@B35], [@B36]\]. Greenberg et al. \[[@B37]\] failed to show a significant relation between subtypes of depression and hippocampal volumes. In the present study, we only used GDS, but did not identify subtypes of depression. Also, we have no data about the duration of depression. For this reason, we have no detailed conclusion regarding the relation between depression and hippocampal volume.

The normalization of regional volumes of the brain by intracranial volume (ICV) would be necessary to show the effect of disease-related atrophy \[[@B38]\]. However, in a study of the Alzheimer\'s Disease Neuroimaging Initiative, which evaluated MRI data from two large cohorts, the researchers found that the association between hippocampal volumes and cognition was not altered by ICV normalization \[[@B39]\]. Thus, ICV normalization was not performed in our study.

One of the widely used tests developed by Benton et al. \[[@B40]\] is the facial recognition test and another is the line orientation test. The present study used the BFRT. These tests assess the visuoperceptual skills of the parietal, parieto-occipital and occipitotemporal configurations of the right hemisphere. Tranel et al. \[[@B41]\] investigated the anatomical relation of the BFRT and line orientation test in patients with a focal cerebral lesion. They found that impairment in the BFRT is particularly associated with lesions of the right postero-inferior parietal and right ventral occipitotemporal regions. In another study, the BFRT was administered to healthy subjects aged between 20 and 92 years and the perceptual processing speed was compared with the ratio of frontal lobe volume/cerebral ventricle. Consequently, a correlation was found between cerebral atrophy and perceptual processing speed in approximately 35% of patients \[[@B42]\]. In the present study, a significant correlation was found between the BFRT score and both the right and left hippocampal volume in the AD group.

Conclusion {#sec1_5}
==========

To the best of our knowledge, this is the first published study comparing AD and DPD based on hippocampal volumetry. Our study addresses two important issues: the first one is the necessity of considering left hippocampal volumetry in dementia practice and the second, keeping in mind that BFRT is more sensitive than other neurocognitive tests used in hippocampal research. Further studies including a larger patient population and control group combined with functional imaging techniques are needed.
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![Selected images of a depressive pseudodementia case illustrating the boundaries of the hippocampal formation from anterior (**a**) to posterior margins (**d**). The drawn objects indicate hippocampal formation; Ammon\'s horn, dentate gyrus, fimbria, and subiculum (**b**, **c**). The posterior end slice of the hippocampal tail is defined as the slice in which the crus of fornix is the longest on a coronal section (**d**).](dee-0007-0230-g01){#F1}

###### 

The results of a descriptive analysis of patients with Alzheimer disease (AD) and depressive pseudodementia (DPD)

  Demographic and neurocognitive data of groups   Mean ± SD    Min--Max     *p value*
  ----------------------------------------------- ------------ ------------ ------------------------------------------
  Age, years                                                                
   AD                                             73.9±7.9     56--87       0.179
   DPD                                            70.5±8.2     62--86       
  Education, years                                                          
   AD                                             5.6±3.6      2--15        0.059
   DPD                                            9.4±5.3      1--15        
  Right hippocampus volume, mm^3^                                           
   AD                                             1.82±0.62    0.88--3.10   0.179
   DPD                                            2.04±0.39    1.30--2.80   
  Left hippocampus volume, mm^3^                                            
   AD                                             1.58±0.64    0.68--3.20   0.019[\*](#T1F1){ref-type="table-fn"}
   DPD                                            1.90±0.30    1.30--2.30   
  WMS-I (personal and actual information)                                   
   AD                                             3.9±1.3      1--6         \<0.0001[\*](#T1F1){ref-type="table-fn"}
   DPD                                            5.8±0.4      5--6         
  WMS-II (orientation)                                                      
   AD                                             3.25±1.4     1--5         \<0.0001[\*](#T1F1){ref-type="table-fn"}
   DPD                                            5±0          5--5         
  WMS-V (forward digit span)                                                
   AD                                             4.3±0.97     3--6         0.261
   DPD                                            4.6±0.81     3--6         
  WMS-V (backward digit span)                                               
   AD                                             5.4±2.9      0--10        0.023[\*](#T1F1){ref-type="table-fn"}
   DPD                                            8.2±3.34     4--15        
  WMS-VI (visual memory)                                                    
   AD                                             1.75±1.25    0--4         0.009[\*](#T1F1){ref-type="table-fn"}
   DPD                                            2.93±1.16    0--4         
  Clock-drawing test                                                        
   AD                                             1.05±0.94    0--3         0.001[\*](#T1F1){ref-type="table-fn"}
   DPD                                            2.33±0.81    1--3         
  Stroop test                                                               
   AD                                             20.4±19.46   0--51        \<0.0001[\*](#T1F1){ref-type="table-fn"}
   DPD                                            0.66±0.89    0--3         
  Boston Naming Test                                                        
   AD                                             27.9±2.52    22--31       0.030[\*](#T1F1){ref-type="table-fn"}
   DPD                                            29.3±3.01    22--31       
  Benton Facial Recognition Test                                            
   AD                                             37.4±3.99    29--45       0.002[\*](#T1F1){ref-type="table-fn"}
   DPD                                            39±7.08      19--47       
  Geriatric Depression Scale                                                
   AD                                             8.05±4.65    3--19        0.026[\*](#T1F1){ref-type="table-fn"}
   DPD                                            14.06±8.5    2--31        
  MMSE score                                                                
   AD                                             22.35±2.36   19--26       \<0.0001[\*](#T1F1){ref-type="table-fn"}
   DPD                                            27.8±1.20    25--30       

WMS, Wechsler Memory Scale; MMSE, Mini-Mental State Examination.

*p* value less than 0.05 was considered significant.

###### 

The correlation between hippocampal volumes and age, education level and neurocognitive profile of patients with Alzheimer disease

  Demographic and neurocognitive data of the Alzheimer disease group   Right hippocampal volume   Left hippocampal volume                          
  -------------------------------------------------------------------- -------------------------- --------------------------------------- -------- ---------------------------------------
  Age (years)                                                          −0.4                       0.72                                    −0.30    0.19
  Education (years)                                                    +0.10                      0.67                                    +0.13    0.58
  WMS-I (personal and actual information)                              −0.22                      0.33                                    −0.21    0.36
  WMS-II (orientation)                                                 +0.13                      0.58                                    +0.19    0.41
  WMS-V (forward digit span)                                           +0.15                      0.52                                    +0.15    0.50
  WMS-V (backward digit span)                                          −0.18                      0.44                                    −0.20    0.39
  WMS-VI (visual memory)                                               +0.15                      0.51                                    +0.05    0.83
  Clock-drawing test                                                   +0.31                      0.18                                    +0.21    0.37
  Stroop test                                                          −0.23                      0.31                                    −0.24    0.30
  Boston Naming Test                                                   +0.03                      0.88                                    +0.26    0.91
  Benton Facial Recognition Test                                       +0.65                      0.002[\*](#T2F1){ref-type="table-fn"}   +0.706   0.001[\*](#T2F1){ref-type="table-fn"}
  Geriatric Depression Scale                                           −0.12                      0.59                                    −0.24    0.29
  MMSE                                                                 +0.43                      0.054                                   +0.51    0.02[\*](#T2F1){ref-type="table-fn"}

WMS, Wechsler Memory Scale; MMSE, Mini-Mental State Examination.

*p* value less than 0.05 was considered significant.

###### 

A linear regression model for variables which have an effect on the Benton Facial Recognition Test in the Alzheimer disease group

             Beta    *t*     *P*
  ---------- ------- ------- -------
  Left HV    0.400   2.471   0.019
  Right HV   0.081   0.333   0.741
  MMSE       0.195   1.066   0.781

HV, Hippocampal volume; MMSE, Mini-Mental State Examination. *p* value less than 0.05 was considered significant. Dependent variable: Benton Facial Recognition Test.

###### 

Correlation between hippocampal volumes and age, education level and neurocognitive profile of patients with depressive pseudodementia

  Demographic and neurocognitive data of pseudodementia group   Right hippocampal volume   Left hippocampal volume           
  ------------------------------------------------------------- -------------------------- ------------------------- ------- ------
  Age (years)                                                   −0.05                      0.83                      −0.16   0.54
  Education (years)                                             +0.44                      0.09                      +0.12   0.65
  WMS-I (personal and actual information)                       +0.23                      0.32                      +0.11   0.45
  WMS-II (orientation)                                          −0.27                      0.31                      +0.26   0.33
  WMS-V (forward digit span)                                    +0.04                      0.98                      −0.08   0.75
  WMS-V (backward digit span)                                   +0.02                      0.93                      −0.28   0.30
  WMS-VI (visual memory)                                        −0.05                      0.85                      +0.13   0.66
  Clock-drawing test                                            −0.21                      0.44                      +0.11   0.68
  Stroop test                                                   −0.15                      0.57                      −0.00   0.99
  Boston Naming Test                                            +0.30                      0.91                      −0.03   0.89
  Benton Facial Recognition Test                                −0.24                      0.38                      −0.41   0.12
  Geriatric Depression Scale                                    +0.15                      0.58                      −0.23   0.40
  MMSE                                                          +0.18                      0.26                      −0.30   0.45

WMS, Wechsler Memory Scale; MMSE, Mini-Mental State Examination. *p* value less than 0.05 was considered significant.
